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Assessment of Clinicopathological Characteristics and Clinical
Outcomes of Patients Who Developed Non-Muscle-Invasive
Bladder Cancer After Radiotherapy for Prostate Cancer:

A Retrospective Multicenter Study
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Radiotherapy for prostate cancer may induce the development of secondary bladder cancer. However, the
clinicopathological characteristics and clinical outcomes of this entity have not been fully elucidated.
Therefore, this study compared the clinicopathological characteristics and clinical outcomes of patients who
developed secondary bladder cancer after radiotherapy with those of controls. The medical records of
patients newly diagnosed with non-muscle-invasive bladder cancer were retrospectively analyzed. Newly
diagnosed non-muscle-invasive bladder cancer that developed = 5 years after radiotherapy for prostate
cancer was defined as secondary non-muscle-invasive bladder cancer during this study. Patients with newly
diagnosed non-muscle-invasive bladder cancer who did not meet this criterion were included in the control
group. The clinicopathological characteristics and recurrence-free survival rates of patients with secondary
non-muscle-invasive bladder cancer were compared with those of controls. A total of 26 (2.6%) of the 1,019
patients from the Tohoku Urological Evidence-Based Medicine Study Group and Kyoto University Hospital
who were screened met this criterion for secondary non-muscle-invasive bladder cancer. Clinicopathological
characteristics were similar between the secondary non-muscle-invasive bladder cancer and control groups,
except for sex and age. Propensity score-matched analysis revealed that the recurrence-free survival rates
of patients with secondary non-muscle-invasive bladder cancer may not be poorer than those of control
patients. Tumor characteristics and recurrence-free survival rates of patients with secondary non-muscle
invasive bladder cancer were comparable with those of controls. Further large-scale studies should be
conducted to clarify the tumor characteristics and clinical outcomes of these patients after radiotherapy.
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Introduction

The numbers of patients with cancer and survivors of
cancer have increased in the past decades and are expected
to continue to increase in the future (Travis et al. 2006;
Morton et al. 2014; Huang and Zhou 2020). Survivors of
cancer are at risk of developing secondary malignancies,
which are severe late effects of treatment (including radio-
therapy [RT] and chemotherapy) for the primary malignan-
cies. Moreover, these patients are at a higher risk for non-
relapse-related mortality (Chao et al. 2019; Demoor-
Goldschmidt and de Vathaire 2019).

Studies of survivors of atomic bombings have revealed
that radiation exposure is associated with the risk of devel-
oping malignancies (Doll 1995). However, a prolonged
latency period (usually > 5 years) has been observed
between radiation exposure and the development of malig-
nancies. RT for malignancies and non-oncologic diseases
can also induce the development of secondary malignan-
cies. The histological types of these secondary malignan-
cies, known as radiation-induced malignancies, differ from
those of primary diseases (Braunstein and Nakamura 2013).
Malignancies that develop after RT for primary malignan-
cies are considered secondary (radiation-induced) malig-
nancies if they meet the following criteria: (i) they arise
within the irradiated field; (ii) they differ histologically
from the primary malignancy; (iii) they were not evident
during RT; and (iv) they have a latency period between RT
and their development (usually > 5 years). Malignancies
that develop < 5 years after RT for primary malignancies
are not categorized as radiation-induced malignancies
(Murray et al. 2014). Nevertheless, a clear, internationally
standardized definition of secondary malignancies has not
yet been established.

RT, which is an essential part of oncologic therapy,
plays an important role in the treatment of prostate cancer
(Huang and Zhou 2020). Previous registry-based studies
have shown that patients with prostate cancer who received
RT may be at high risk for developing subsequent bladder
cancer (Wallis et al. 2016). Furthermore, several registry-
based studies that compared differences in the incidence of
subsequent bladder cancer according to the type of treat-
ment administered for prostate cancer suggested that
patients with prostate cancer who received RT are at a
higher risk of developing subsequent bladder cancer than
those who underwent surgery alone (Murray et al. 2014).
However, most of these studies included patients who
developed bladder cancer < 5 years after RT.

Radiation-induced malignancies are potentially aggres-
sive, and they may be associated with a poorer prognosis
than that of the corresponding primary malignancies
(Khanna et al. 2021). The clinical outcomes and clinico-
pathological characteristics of patients with subsequent
bladder cancer, including secondary bladder cancer, have
not been sufficiently investigated.

Therefore, this study defined newly diagnosed non-

muscle-invasive bladder cancer (NMIBC) that developed >
S years after RT for prostate cancer as secondary NMIBC
and compared the clinicopathological characteristics and
recurrence-free survival (RFS) of patients with secondary
NMIBC with those of control patients.

Materials and Methods

Ethics statements

This retrospective study was approved by the
Institutional Review Board of Tohoku University Graduate
School of Medicine, Sendai, Japan (approval number:
2018-1-450), and it adhered to the tenets of the Declaration
of Helsinki. Informed consent was obtained via an online
opt-out process.

Study design and population

The medical records of patients who underwent trans-
urethral resection of bladder tumor (TURBT) between
January 2009 and December 2016 at 10 institutions that
participated in the Tohoku Urological Evidence-based
Medicine Study Group and Kyoto University Hospital were
retrospectively analyzed (Sato et al. 2023). Data of patients
newly diagnosed with NMIBC who received definitive
therapy (radical cystectomy or RT), those newly diagnosed
with NMIBC who had been followed-up for > 3 years and
did not experience disease recurrence or progression, and
those newly diagnosed with NMIBC who had been fol-
lowed-up for > 3 months at the time of recurrence or pro-
gression were analyzed. Patients with muscle-invasive
bladder cancer (MIBC), non-urothelial carcinoma, recurrent
tumors, distant or lymph node metastases, or a history of
upper tract urothelial carcinoma (UTUC) were excluded
from this study.

Data collection

The study variables included age, sex, tumor stage,
tumor grade, presence of carcinoma in situ (CIS), tumor
multiplicity (single or multiple), largest tumor diameter (<
3 or > 3 cm), and the 2019 European Association of
Urology (EAU) risk group of the patients at the time of ini-
tial TURBT. Patients who were newly diagnosed with
NMIBC > 5 years after RT for prostate cancer and those
who were newly diagnosed with NMIBC but did not meet
the aforementioned criterion (for secondary NMIBC) were
defined as patients with secondary NMIBC and control
patients, respectively. In the present study, patients newly
diagnosed with NMIBC < 5 years after RT for prostate can-
cer were defined as the control after RT group and included
in the control group.

Recurrence was defined as intravesical recurrence of
cancer after the initial TURBT. Progression was defined as
the development of muscle-invasive disease (stage T2 or
higher) and metastasis to the lymph nodes or other distant
organs. The duration between RT for prostate cancer and
the bladder cancer diagnosis was evaluated. The clinico-
pathological characteristics of the secondary NMIBC and
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control groups were analyzed. Furthermore, the percent-
ages of patients in the secondary NMIBC and control
groups who received adjuvant intravesical therapy or under-
went a second transurethral resection (TUR) were calcu-
lated. The RFS rates of patients in the secondary NMIBC
and control groups were compared. RFS was calculated as
the duration between the initial TURBT and the first recur-
rence (the date when recurrence was confirmed histologi-
cally). Patients with NMIBC who experienced progression
and those who received definitive therapy were not included
in the RFS calculations.

Statistical analysis

Continuous and categorical variables were presented
as the median and interquartile range (IQR) and the abso-
lute number and percentage, respectively. The RFS rates of
the two groups were estimated and compared using the
Kaplan-Meier method with the log-rank test. Categorical
variables were compared using Pearson’s chi-square test.
Propensity-score matching of patients in the secondary
NMIBC and control groups was performed using the fol-
lowing clinicopathological variables: age, sex, tumor stage,
tumor grade (World Health Organization [WHO]
2004/2016), presence of CIS, tumor multiplicity, and larg-
est tumor diameter. Patients in the secondary NMIBC
group were matched with those in the control group using
1:2 ratio. The predictors of RFS for patients in the com-
bined population of the secondary NMIBC and control
groups were identified using the Cox proportional hazards
model. Statistical significance was considered as P < 0.05.
All statistical analyses were performed using EZR (version
1.61; Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
software (version 4.2.2) (Kanda 2013).

Results

Among the 1,019 patients from 11 institutions who
were screened, only 26 (2.6%) met the criterion for second-
ary NMIBC defined in this study. The median duration
between RT for prostate cancer and NMIBC development
was 8 years (IQR, 7-10 years; range, 5-12 years). In the
secondary NMIBC group, 25 (96.2%) patients underwent
external beam RT (EBRT), and one (3.8%) underwent
brachytherapy alone. The median ages of the patients in the
control group at the time of initial TURBT and in the sec-
ondary NMIBC group were 71 years (IQR, 63-78 years)
and 79 years (IQR, 74-83 years), respectively. In the con-
trol group, 19 (1.9%) patients received definitive therapy
and 22 (2.2%) experienced disease progression. However,
in the secondary NMIBC group, no patient experienced dis-
ease progression and no patient received definitive therapy.
Table 1 presents the clinicopathological characteristics of
patients in the secondary NMIBC and control groups.
Significant differences in age and sex, but not in tumor
stage, tumor grade, presence of CIS, tumor multiplicity, or
largest tumor diameter were observed between groups.

Table 2 presents the proportions of patients in the secondary
NMIBC and control groups who received adjuvant intra-
vesical therapy and underwent a second TUR. Significant
differences were not observed in the ratios of patients who
received these therapies between groups. Table 3 presents
the proportions of patients with secondary NMIBC and pro-
pensity score-matched control patients who received adju-
vant intravesical therapy and underwent a second TUR.
Significant differences in the ratios of patients who received
these therapies were not observed between groups.

Seven (26.9%) and 334 (35.1%) patients in the sec-
ondary NMIBC and control groups, respectively, experi-
enced disease recurrence during a median follow-up dura-
tion of 50 months. Fig. 1 presents the RFS rates of patients
in the secondary NMIBC and control groups. Significant
differences in RFS between groups were not observed (P =
0.38). Fig. 2 presents the RFS of the patients in the second-
ary NMIBC and control groups after the propensity score-
matched analysis. Significant differences were not observed
in RFS between patients in the secondary NMIBC group
and propensity score-matched patients in the control group
(P=10.29). Fig. 3 presents the RFS rates of patients in the
secondary NMIBC and control after RT groups (n = 12).
Significant differences were observed in RFS between
groups (P = 0.015). A multivariate Cox proportional haz-
ards regression analysis of the combined population of the
secondary NMIBC and control groups (n = 978) revealed
that age (> 70 years), tumor multiplicity (multiple), and
largest tumor diameter (> 3 cm) were significantly associ-
ated with poorer RFS. However, a history of RT for pros-
tate cancer > 5 years before the development of NMIBC
was not associated with RFS (hazard ratio [HR], 1.13; P =
0.79) (Table 4).

Discussion

Secondary malignancies may contribute to non-
relapse-related mortality among adolescents, young adults,
and children who are survivors of cancer, as well as among
older survivors of cancer (Armstrong et al. 2009; Liao et al.
2013; Chao et al. 2019; Deng et al. 2022). The develop-
ment of secondary malignancies is associated with various
factors, including treatment factors, environmental expo-
sure, lifestyle factors, and genetic susceptibility.
Additionally, the type and age at the time of onset of pri-
mary malignancies may be related to their development
(Travis et al. 2006; Dracham et al. 2018). Compared to
children who are survivors of cancer, older cancer survivors
often have risk factors that contribute to the cancer patho-
genesis (Demoor-Goldschmidt and de Vathaire 2019;
Laconi et al. 2020). Therefore, clarifying the direct rela-
tionship between the treatment of primary malignancies and
the development of subsequent malignancies is difficult,
particularly among older patients. Furthermore, diagnostic
methods that can clearly distinguish whether subsequent
malignancies are secondary (radiation-induced) malignan-
cies are currently unavailable (Murray et al. 2014).
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Table 1. Clinicopathological characteristics of patients in the secondary non-muscle-invasive bladder
cancer and control groups (n = 1,019).

N (%)
Control group Secondgzurl:lMlBC P-value
(n=993) (n=26)
Age, years
<70 (n=459) 456 (45.9%) 3(11.5%) 0.0005
>70 (n=1560) 537 (54.1%) 23 (88.5%)
Sex
Male (n = 838) 812 (81.8%) 26 (100%) 0.016
Female (n = 181) 181(18.2%) 0(0%)
Tumor stage
Ta (n=678) 659 (66.5%) 19(73.1%) 0.64
Tis (n = 25) 24(2.4%) 1(3.8%)
T1 (n=314) 308 (31.1%) 6(23.1%)
Tumor grade
(WHO 2004/2016) 0.48
Low (n =388) 379 (48.5%) 9 (40.9%)

High (n =416)
Tumor grade

403 (51.5%)

(WHO 1973)
G1 (n=104) 102 (13.0%)
G2 (n = 459) 447 (56.9%)
G3 (n=245) 237(30.1%)

Tumor multiplicity

Solitary (n = 490) 478 (49.2%)

Multiple (n = 504) 493 (50.8%)
Largest tumor diameter, cm

<3 (n=765) 745 (79.8%)

>3 (n=201) 200 (20.2%)
Presence of CIS

No (n = 884) 863 (87.2%)

Yes (n=132) 127 (12.8%)
2019 EAU risk groups

Low (n=115) 114 (11.5%)

Intermediate (n = 356)

High (n = 548)

350(35.2%)
529 (53.3%)

13 (59.1%)

2(9.1%) 0.76
12 (54.5%)
8 (36.4%)

12(52.2%) 0.78
11 (47.8%)

20(95.2%) 0.067
1(4.8%)

21(80.8%) 0.34
5(19.2%)

1(3.8%) 0.12
6(23.1%)
19(73.1%)

CIS, carcinoma in situ; EAU, European Association of Urology; NMIBC, non-muscle-invasive
bladder cancer; WHO, World Health Organization.

A recent systematic review and meta-analysis of
patients with prostate cancer revealed that patients who
received RT may be at a higher risk of developing bladder
cancer than those who did not, even after adjusting for mul-
tivariable factors (adjusted HR, 1.67) (Wallis et al. 2016).
Boorjian et al. (2007) analyzed the CaPSURE™ disease
registry and reported that patients with prostate cancer who
smoked at the time of diagnosis had an approximately four-
fold higher risk of developing bladder cancer when they
underwent RT than non-smoking patients who did not
receive RT. However, the differences in the incidences of

subsequent malignancies, including bladder cancer, may be
attributed to the selection bias between patients who under-
went surgical treatment and those who underwent RT
(Kendal et al. 2007; Hegemann et al. 2017). Moreover, the
RT techniques used for treatment may have influenced the
incidence of bladder cancer. Huang et al. (2011) performed
a matched-pair analysis of patients with prostate cancer
with minimal differences in age and the follow-up period
and compared the differences in the incidences of subse-
quent malignancies between patients who underwent surgi-
cal treatment and those who underwent RT. In their study,
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Table 2. Numbers and proportions of patients in the secondary non-muscle-invasive bladder cancer and control groups
who received adjuvant intravesical therapy and underwent a second transurethral resection (n = 1,019).

N (%)
P-value
Control group Secondary NMIBC group
(n=993) (n=126)
Induction-only BCG
Yes (n=273) 262 (26.9%) 11 (42.3%) 0.082
No (n="726) 711 (73.1%) 15 (57.7%)
Maintenance BCG
Yes (n =150) 143 (14.7%) 7 (26.9%) 0.083
No (n = 849) 830 (85.3%) 19 (73.1%)
IPIC
Yes (n = 766) 749 (75.7%) 17 (66.7%) 0.23
No (n=250) 241 (23.3%) 9(33.3%)
Additional adjuvant intravesical chemotherapy
Yes (n=121) 121 (12.4%) 0 (0%) 0.055
No (n=878) 852 (87.6%) 26 (100%)
Second transurethral resection
Yes (n=151) 147 (14.8%) 4 (15.4%) 0.93
No (n = 868) 846 (85.2%) 22 (84.6%)

BCG, bacillus Calmette—Guérin; IPIC, immediate postoperative instillation of chemotherapy; NMIBC, non-muscle-invasive
bladder cancer.

Table 3. Numbers and proportions of patients with secondary non-muscle-invasive bladder cancer and control patients after
propensity score-matched analysis who received adjuvant intravesical therapy and underwent a second transurethral
resection (n = 54).

N (%)
Control group Secondary NMIBC group P-value
(n=136) (n=18)
Induction-only BCG
Yes (n=18) 11 (30.6%) 7 (38.9%) 0.54
No (n=36) 25 (69.4%) 11 (61.1%)
Maintenance BCG
Yes (n=11) 6 (16.7%) 5(27.8%) 0.34
No (n=43) 30 (83.3%) 13 (72.2%)
IPIC
Yes (n =38) 25 (69.4%) 13 (72.2%) 0.83
No (n=16) 11 (30.6%) 5(27.8%)
Additional adjuvant intravesical chemotherapy
Yes (n=15) 5(13.9%) 0 (0%) 0.097
No (n = 49) 31 (86.1%) 18 (100%)
Second transurethral resection
Yes (n=15) 3(8.3%) 2 (11.1%) 0.74
No (n=49) 33 (91.7%) 16 (88.9%)

BCG, bacillus Calmette—Guérin; IPIC, immediate postoperative instillation of chemotherapy; NMIBC, non-muscle-invasive
bladder cancer.

only two-dimensional RT showed a significant association (HR, 0.66) were not associated with the development of
with the development of subsequent bladder cancer (HR, subsequent bladder cancer. Among the 26 patients in the
2.97), whereas intensity-modulated RT (IMRT) or three- secondary NMIBC group in the present study, 25 under-
dimensional confocal RT (HR, 0.83) and brachytherapy went EBRT. Of these 25 patients, 12 received IMRT; how-
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NMIBC, non-muscle-invasive bladder cancer; RFS, recurrence-free survival.

ever, the details of the RT treatment techniques used for the
remaining 13 patients were unknown.

lonizing radiation induces cell death via direct tissue
injury, which leads to DNA breaks and free radical produc-
tion, resulting in oxidative damage (indirect effect) (Huang
and Zhou 2020). Radiation-induced genetic alterations of
normal cells are the basis for the development of secondary
(radiation-induced) malignancies. In addition, the genetic

background of the host and total irradiation dose may be
associated with radiation-induced tumorigenesis. However,
the detailed mechanisms underlying the development of
secondary malignancies have not yet been elucidated
(Braunstein and Nakamura 2013). In general, a long latent
period exists between radiation exposure and the develop-
ment of these malignancies (Khanna et al. 2021). The rela-
tive risk of subsequent malignancy development in patients
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with prostate cancer who received RT increases over time,
and this risk continues to increase > 10 years after treatment
(Huang et al. 2011). However, the incidence rate of subse-
quent bladder cancer development after RT for prostate
cancer according to the time since RT has not been ana-
lyzed in detail. In the present study, newly diagnosed
NMIBC that developed > 5 years after RT for prostate can-
cer was defined as secondary NMIBC. However, proving
the validity of the current definition is difficult. In our
study, 38 patients who developed newly diagnosed NMIBC
after RT for prostate cancer were included, and the median
duration between RT and bladder cancer development was
7 years (IQR, 4-9 years; range, 1-12 years). When the anal-
ysis was limited to patients who developed NMIBC > 5
years after RT for prostate cancer (n = 26), the median dura-
tion between RT and bladder cancer diagnosis was 8 years.
Secondary malignancies that develop after RT may be
associated with a poorer prognosis than that of the corre-
sponding primary malignancies; however, this association
depends on the histopathological stage and the presence of
metastasis (Khanna et al. 2021). Yee et al. (2010) reported
that patients who developed bladder cancer after RT for
prostate cancer had a significantly higher grade of cancer
and experienced progression to a higher stage of disease
than those who developed bladder cancer after receiving
treatments other than RT for prostate cancer. Although the
difference was not significant, a trend toward poorer blad-
der cancer-specific survival was observed among patients
who developed bladder cancer after receiving RT for pros-
tate cancer. Abern et al. (2013) conducted a retrospective
analysis of patients with localized prostate cancer reported

in the Surveillance, Epidemiology, and End Results (SEER)
database and revealed that those who received RT were 1.70
times more likely to develop bladder cancer than those who
underwent radical prostatectomy alone. Additionally, the
bladder cancer-specific survival of patients who developed
bladder cancer after RT for prostate cancer was significantly
poorer than that of patients who developed bladder cancer
after undergoing radical prostatectomy alone. A retrospec-
tive single-institution analysis of patients with bladder can-
cer who underwent radical cystectomy revealed that those
with a history of RT for prostate cancer before bladder can-
cer development exhibited significantly poorer overall sur-
vival and bladder cancer-specific survival than those of
matched controls after adjusting for age and stage (Bostrom
et al. 2008). Therefore, the findings of these three studies
suggested that a history of RT for prostate cancer is associ-
ated with poor clinical outcomes of patients with bladder
cancer; however, these findings differed from those of our
study (Bostrom et al. 2008; Yee et al. 2010; Abern et al.
2013). These aforementioned studies included patients with
NMIBC, MIBC, and metastatic bladder cancer and those
who developed bladder cancer < 5 years after RT for pros-
tate cancer. Additionally, in the first two studies, bladder
cancer-specific survival was compared between patients
who developed bladder cancer after RT and those who
developed bladder cancer after therapies other than RT for
prostate cancer. The aforementioned factors may have con-
tributed to the differences between the results of previous
studies and those of our study. However, the detailed
mechanisms have not yet been elucidated. In the present
study, RFS was similar between patients in the secondary
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Table 4. Univariate and multivariate Cox regression analyses results (n = 978).

Univariate analysis

Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Age, years
<70 Ref. Ref.
>70 1.40 (1.13-1.74) 0.0026 1.39 (1.09-1.80) 0.0096
Sex
Female Ref. Ref.
Male 1.09 (0.82-1.45) 0.53 1.07 (0.76-1.52) 0.70
Tumor stage
Ta Ref. Ref.
Tis 0.67 (0.30-1.52) 0.34 0.55 (0.13-2.37) 0.42
T1 0.89 (0.70-1.14) 0.36 0.83 (0.59-1.16) 0.26
Tumor grade
(WHO 2004/2016)
Low Ref. Ref.
High 0.94 (0.74-1.20) 0.63 0.91 (0.68-1.22) 0.53
RT history
No Ref. Ref.
Yes 1.41 (0.77-2.57) 0.27 1.13 (0.47-2.69) 0.79
Tumor multiplicity
Solitary Ref. Ref.
Multiple 1.34 (1.08-1.68) 0.0078 1.59 (1.24-2.05) <0.001
Largest tumor diameter, cm
<3 Ref. Ref.
>3 1.59 (1.24-2.04) <0.001 1.58 (1.15-2.17) 0.0051
Presence of CIS
No Ref. Ref.
Yes 0.84 (0.60-1.19) 0.33 1.03 (0.65-1.63) 0.91

ClI, confidence interval; CIS, carcinoma in situ; HR, hazards ratio; Ref., reference; RT history, a history
of radiotherapy for prostate cancer > 5 years before the development of primary non-muscle-invasive

bladder cancer; WHO, World Health Organization.

NMIBC and control groups after propensity score match-
ing; however, propensity score matching was performed
using only clinicopathological characteristics as the match-
ing factors, without including second TUR and intravesical
therapy in the matching process. A trend toward better RFS
was observed in patients in the secondary NMIBC group
(Figs. 1, 2). In addition, no patient in the secondary
NMIBC group experienced disease progression or under-
went definitive therapy. However, the present study lacked
data on patients who experienced disease recurrence after
the initial TURBT followed by the development of progres-
sion. Therefore, our data could not be used to estimate the
number of patients who developed progression. The RFS
of the patients who developed NMIBC < 5 years and > 5
years after RT for prostate cancer were compared in this
study. A significant increase in RFS was observed in the
latter group (Fig. 3). However, no adjustments were made
for clinicopathological factors, and the number of cases in
both groups was very small, which decreases the reliability
of the statistical analysis.

Tumor characteristics associated with intravesical
recurrence (for example, tumor stage, tumor grade, pres-
ence of CIS, tumor multiplicity, and largest tumor diameter)
were similar between patients in the secondary NMIBC and
control groups in our study (Table 1) (Sylvester et al. 2006).
Additionally, the proportions of patients who underwent a
second TUR or received adjuvant intravesical therapy were
similar between groups (Tables 2, 3). A multivariate Cox
regression analysis revealed that a history of receiving RT
for prostate cancer > 5 years before bladder cancer develop-
ment was not significantly associated with RFS (HR, 1.13;
P =0.79). However, age (> 70 years), tumor multiplicity,
and largest tumor diameter (> 3 cm) were identified as inde-
pendent prognostic factors for RFS (Table 4). Therefore,
when the analysis was limited to patients with NMIBC, our
findings indicated that bladder cancer that developed > 5
years after RT for prostate cancer did not appear to be more
aggressive than bladder cancer that did not meet the crite-
rion for secondary NMIBC. However, further studies of
larger sample size of patients with MIBC and metastatic
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bladder cancer are necessary to confirm this finding.

Various characteristics, such as obesity, chronic
inflammation, androgen receptor signaling, and genetic fac-
tors (for example, mutations in 7P53, RBI, and FGFR3),
can contribute to the tumorigenesis of bladder and prostate
cancers (Lopez-Beltran et al. 2017). These factors may sig-
nificantly affect the carcinogenesis of bladder cancer that
develops < 5 years after RT for prostate cancer. However,
whether the disease course and the process of carcinogene-
sis differ between patients who developed bladder cancer <
5 and > 5 years after RT for prostate cancer has not been
sufficiently investigated. As reported previously, the RFS
of patients with bladder cancer who had a history of andro-
gen deprivation therapy for prostate cancer was better than
that of patients who did not receive androgen deprivation
therapy (Izumi et al. 2014). The present study did not
include data on whether patients in the secondary NMIBC
and control after RT groups received RT combined with
androgen deprivation therapy. However, no patient in the
secondary NMIBC group underwent androgen deprivation
therapy after bladder cancer diagnosis.

This study had some limitations. First, this was a ret-
rospective study that analyzed patients who did not receive
a standardized follow-up regimen. Second, smoking his-
tory of the patients, symptoms that resulted in the detection
of secondary NMIBC, and location of the tumor within the
bladder were not collected during this study. Additionally,
the analysis did not include information regarding the pri-
mary malignancy (prostate cancer), including the histologi-
cal type, tumor stage, disease course, precise irradiation
field, and additional treatments other than RT for prostate
cancer. Regardless of these limitations, this study revealed
the clinicopathological characteristics and RFS of patients
who developed secondary bladder cancer after RT for pros-
tate cancer.

In conclusion, our study suggested that the RFS and
tumor characteristics of patients who developed secondary
bladder cancer > 5 years after RT for prostate cancer were
similar to those of controls. However, the number of
included patients with secondary bladder cancer was very
small and the present study lacked sufficient statistical
power to detect significant findings. Therefore, further
large-scale studies should be performed to clarify the clini-
copathological features and outcomes.
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